The plasma characteristics of O +, H + and He + beam events in the polar cap region observed near solar maximum by the Dynamics Explorer 1 (DE 1) satellite are analyzed in this paper. The data analyzed were taken from both the energetic ion composition spectrometer (EICS), which operates in the 10 eV-17 keV energy range, and the retarding ion mass spectrometer (RIMS), which operates in the low energy spectrum of less than 50 eV. Electron densities measured by the plasma wave instrument (PWI) provided limits on estimates of ion densities. Because the upflowing ion energies are sometimes comparable to the spacecraft potentials and the fluxes involved are close to the instrumental thresholds, it has been difficult to measure the densities and temperatures of these low energy ions. A subset of upflowing polar cap ion streams was identified from which it was possible to make estimates of the plasma characteristics using the three DE 1 instruments described above. In this paper, the data for two polar ion streams are presented in detail. The plasma was found to consist of multiple streaming and quasi-isotropic components. In both cases, estimates of temperatures and densities were made taking into account possible spacecraft potentials. The ion densities of several other events were also estimated. It was found that (1) the plasma often had a large content of upflowing O + ions, (2) The observations provide important plasma characteristics of the polar cap region, which will be useful in future theoretical and simulation work.
INTRODUCTION
It was thought for many years that the escape of ions from the polar ionosphere or "polar wind" was dominated by low energy light ion species such as H + or He + which could overcome gravitational bounds by acceleration due to a self-consistent ambipolar electric field. Although light ions could escape, the heavy ions such as O + were shown to be essentially gravitationally bound [Banks and Holzer, 1969 oeockwood et al. [1985] and Horwitz and oeockwood [1985] found that during high magnetic activity, convection is generally strong enough to fill the entire polar magnetosphere with low energy O + ions. Moore et al. [1986] linked strong field-aligned current signatures associated with these ion flows or "upwelling ions" in the dayside polar cap boundary with transverse ion heating in the ionosphere between 2000 and 5000 kin. It has been suggested that ion heating may be an important factor in producing heavy ion outflows from the polar region [Moore et al., 1986] . has been difficult to measure densities and thermal temperatures of these low energy ions. We have identified a subset of upflowing polar cap ion streams for which it was possible to make estimates of plasma characteristics by using data from the three DE I instruments described above. In this paper the data for two such polar ion streams are presented in detail. The plasma was found to consist of multiple streaming and quasiisotropic components. For the first case, relatively good estimates of temperatures and densities for the dominant ion species were made, taking into account possible spacecraft potentials. The plasma parameters inferred from the second stream were not as precisely determined because of the uncertainty in the total ion density and the relative intensity of the warm quasiisotropic background of H + ions. In addition, we note that the character of the upfiowing ion streams varies on a time scale of tens of seconds, which corresponds to spatial scales of tens of kilometers in the ionosphere.
These observations will be useful in the future theoretical and simulation work of modeling heavy ion heating and outflow from the polar cap region. This paper is organized as follows. In section 2 we present a brief description of the plasma instruments on DE I from which the data were obtained and outline how the data from these instruments can be used to estimate densities and temperatures of selected polar ion streams. The relevant observations are presented in section 3; two ion beam events are discussed in detail, and general features of the ion beam events are also presented in this section. In section 4 we present a brief summary of our findings and discuss implications of these results for future research on plasma in the polar cap region. Finally, in section 5 we state our conclusions drawn from the study.
PLASMA INSTRUMENTATION
The data analyzed in this paper were collected by the DE 1 satellite which was launched on August 3, 1981, into a highly eccentric elliptical orbit with an apogee of 4.65 RE and perigee of 1.1 RE. Data from three instruments on board the DE 1, the energetic ion composition spectrometer (EICS) [Shelle•l et at., 1981], the retarding to. mss sv½tomt 1Sl] and the plasma wave instrument (PWI) [Shawhah et at., 1981] are presented in this paper. The EICS instrument can be programmed to cover a mass range of 1 amu per charge to over 150 amu per charge and an energy range from spacecraft potential to 17 keV. Several specialized operational modes were developed to sample rapidly a limited energy range for a small number of ion species at all pitch angles. In this study, data from two modes were used; both modes used 15 logarithmically spaced energy steps to cover the energy range from 10 eV to 17 keV. One of the modes returned data for four ion species, 48 distinct pitch angles, and 15 energies in 96 s; the other mode returned data for only H + and O + at 24 distinct pitch angles and 15 energies in 24 s. The complete 0 ø to 180 ø pitch angle range was covered twice per satellite spin so that the resolution in pitch angle for the two modes is 7.5 ø and 15 ø , respectively. The RIMS instrument consists of three separate sensor heads which lie in a plane perpendicular to the spin axis (the radial head) and parallel and antiparallel to the spacecraft spin axis (the +Z and-Z heads). There is a retarding potential analyzer (RPA) followed by a mass spectrometer covering the range of 1 to 32 amu. In combination, the RIMS and EICS instruments cover the extended energy range from spacecraft potential to 17 keV. Electric field spectrum measurements from PWI were used to derive electron densities in the polar cap region. Signals from the 200-m (tipto-tip) electric antenna, oriented perpendicular to the spacecraft spin axis, were processed by two frequency correlators which scan a frequency range of 1 Hz to 400 kHz every 32 s. Further details pertaining to these instruments can be found in the special Dynamics Explorer issue of Space Science Instrumentation, volume 5, number 4, 1981.
The plasma density can be estimated by each of these instruments but it must be taken into account that the accuracy of these estimates is limited. Only very approximate estimates of cold (~ 10 eV) plasma densities can be made using the EICS instrument alone. This instrument detects ions with energies from 10 eV above the spacecraft potential to ~ 125 eV in the lowest energy channel. (The sensitivity in this energy channel decreases rapidly above 100 eV.) Converting the measured counts to a density requires that assumptions be made on the angular and energy distribution of the ions. Density calculations inferred from the RIMS instrument are very sensitive to spacecraft charging effects; the fact that the observed ion fluxes in the polar cap are near the instrumental threshold may also affect the results. The PWI instrument provides a good estimate of the total density but provides no insight into the thermal and mass composition of the polar cap plasma. In special cases, however, it is possible to use the data from all three of these instruments to obtain relatively good estimates of the density, mass and thermal composition of the ion plasma components. Specifically, if the upstreaming plasma has strong, relatively warm (~ 50 eV) components, it is possible to use flux ratios detected in the lowest EICS energy channel to obtain estimates of the relative densities of the warm streaming and quasi-isotropic plasma components. The RIMS instrument provides estimates of the relative densities of the cold plasma components. The PWI instrument provides an estimate of the total ion density. In some of these special cases, one of which is discussed below, it is possible to estimate the relative contribution to the total plasma density by using the streaming and quasi-isotropic plasma components from the angular distribution in the EICS lowest energy channel. We have examined in some detail the EICS and RIMS data for the interval 0300:31 UT to 0307:00 UT and have identified seven components in the ion plasma. We found two low energy streaming components in the RIMS data, three warm streaming and two quasi-isotropic components in the EICS data. In this paper, we refer to cold streams as those that appear primarily in the RIMS energy range, which is from spacecraft potential to 50 eV. Warm streams, on the other hand, are referred to as those that appear primarily in the EICS lowest energy channel, which ranges from 10 eV above spacecraft potential to ~ 100 eV. There is an overlap of energies of the RIMS and EICS as a result of the broad energy ranges of both instruments. However, we use the terms cold and warm mainly to identify the energy range and instrument associated with the observed streams. Our goal was to characterize each of Table 2 Table 3 shows the relative densities of these two components. Note that the low flux levels, especially after ~ 1820 UT, result in relatively large uncertainties in the relative densities. Note also that the composition changes systematically, becoming more rich in He + as the satellite moves further into the polar cap. In all of the intervals the flux of upstreaming He ++ was at or below the EICS threshold of detection. Two warm quasi-isotropic H + components were detected in the 1737 UT to 1748 UT interval; warm quasi-isotropic H + was detectable in all of the intervals listed in Table 3 .
Data from the PWI instrument for the interval from 1737 UT to 1748 UT were only able to place a lower limit on the total density. The PWI electric field spec- Table 2 because we used a less reliable method to estimate the density of the quasi-isotropic H + components. nificantly greater than 9 eV and this streaming energy O + was the dominant ion constituent in the upflowing was acquired at ionospheric altitudes. beam components. Even during quiet auroral condiSeveral other events were estimated using the EICS tions when the AE index was only 37 nT, significant data. The relative densities ofthe upflowing ion streams, amounts of upflowing O + were found. the PWI electron densities, and qualitative features of the cold upttowing ion streams from the RIMS data for four polar ion stream events are listed in Table 5 . The events are ordered according to increasing AE index. The first event of Table 5 The possible sources of free energy that may contribute to ion heating include field-aligned currents and perpendicular electric fields associated with the plasma convection jet. Wave-particle interactions also possibly play a role in ion heating. Ashour-Abdalla et al. [1988] have shown that O + ions on the auroral field lines are transversely heated due to their interactions with electrostatic waves generated from an electron beam instability. Although the field-aligned currents on the polar cap field lines are more subdued, they may possibly generate waves through plasma instabilities in the polar cap region. These plasma instabilities and possible ion heating will be investigated in future studies.
In the first event presented in the observations section, the upfiowing O + population was found to consist of both a cold and a warm distribution.
Earlier DE 1 observations of the polar wind have found a conic component resulting from perpendicular heating in addition to a low-energy field-aligned component [Gurgiolo and Burch, 1982] . In our study, we found a warm component in the field-aligned direction which could possibly have resulted from an ion heating process. Another interesting feature of the polar ion streams is the filamentary nature of the streams. The upflowing streams vary on a time scale ranging from tens of seconds to minutes which corresponds to spatial scales of tens to hundreds of kilometers in the ionosphere. [1988] reported that about 13% of the upfiowing ion events that they studied had He + fluxes which exceeded the highest predicted polar and limiting flux. It has become apparent that it is necessary to study multicomponent plasmas, both the kinetic instabilities and the macroscopic dynamics, to reach an understanding of the outflow of the O + and He + ions from the polar ionosphere.
CONCLUSIONS
The plasma characteristics of upfiowing ion stream events with energies greater than 10 eV in the polar cap region near solar maximum were analyzed using DE 1 data. Data from three instruments, the EICS, RIMS and PWI instruments, were used. The EICS detects ions in the energy range of 10 eV to ~ 17 keV while the RIMS detects 1o•, energy ions below 50 eV. Electron densities measured by the PWI provide limits on the ion densities. Because the upfiowing ion energies are sometimes comparable to the spacecraft potentials and the fluxes involved are close to the instrumental thresholds, it has been difficult to measure densities and temperatures of these low energy ions. We considered a subset of upfiowing polar cap ion streams in which it was possible to make estimates of the plasma characteristics using the three DE 1 instruments. The plasma was found to consist of multiple streaming and quasi-isotropic components. The data for two polar ion streams were presented in detail.
Several other polar ion stream events were studied and the general features were presented and discussed in the paper. A summary of the important results follows.
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